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Abscraet 

Ic  was  raporcad  pravloualy  chat  radiation* Inducad  cytotoxicity  In  V79A03 
(V79)  calls  waa  attanuatad  by  pratraataant  of  calls  with  leukotclsna  C, 
(LTC,),  laadlng  us  to  datarialna  that  V79  cells  possassad  spaclflc  binding 
sites,  with  charactaclstlcs  of  receptors,  for  UC,  (sea  the  preceding, 
coepanlon  coanunicaclon) .  Additional  studies  ware  conducted  to  dacaraina 
tha  subcallular  distribution  and  tha  ehaalcal  natura  of  tha  ITC,  binding 
alta  In  V79  calls.  Trypsin  traataant  of  colls  bafora  LTC,  binding  assays 
rasultad  In  a  74%  raductlon  In  hlgh*afflnlcy  binding.  In  tests  to  axaalna 
tha  subcallular  location  of  LTC,  binding,  plasaa  aaabrana  and  nuclear 
fractions  wars  obtainad  froe  V79  calls.  In  contrast  to  Scatchard  anslysas 
of  LTC,  binding  to  Intact  calls  which  wars  curvilinear,  Scatchard  anslysas 
of  nuclear  and  plasaa  aaabrana  fractions  wars  linear,  Indicative  of  the 
prasance  In  these  cellular  substituents  of  low  and  high*afflnlty  binding, 
raspactlvaly .  To  axaalna  tha  nature  of  tha  hl^*afflnlty  LTC,  binding 
sites,  intact  V79  calls  ware  photolyred  with  [’H)*LTC,  rendered  photoactive 
by  pralncubatlon  with  N-hydroxysucclnlaldyl-A-asldobanzoata.  Tha  call- 
bound  radioactivity  algratad  during  sodlua  dodacyl  sulfata-polyacrylaalda 
gal  alactrophorasla  (SDS-PAGE)  with  an  apparent  aolacular  weight  of 
approxlaately  40  kdsl.  Five  different  coanateial  preparations  of 
glutathlona-S-transferasa  (GST),  which  has  been  lapllcatsd  as  a  source  of 
LTC,  *spaclflc  binding*  In  other  calls,  algratad  In  tha  saaa  SDS-PAGE 
systea  with  an  apparent  aolacular  weight  of  20-24  kdal.  Furthamora, 
pralncubatlons  of  V79  calls  with  three  antisera  generated  against  GST  had 
alnlaal  affects  upon  subsequent  LTC,  binding  to  Intact  calls.  These  data, 
taken  together  with  tha  data  froa  the  preceding  coapanlon  coaaunlcatlon, 
suggest  chat  tha  radloprotacclva  effect  of  LTC,  upon  V79  calls  aay  be 
atcrlbutabla  to  a  racepcor-aedlated  phenoaenon  which  appears  distinct  froa 
laukotrlena  binding  to  GST. 

Introduction 

The  cytotoxic  affects  of  y- Irradiation  froa  a  *^Ce  source  ware  atcanuated 
In  V79A03  (V79)  cells  chat  were  precreated  with  laukotrlena  C4  (LTC^)  (1), 
which  induced  us  to  daaonacraca  chat  V79  cells  contained  binding  sites  for 
[’H)-LTC,  (2).  Interaction  of  LTC,  with  V79  cells  was  realnlscanc  of  a 
ligand- receptor  Interaction,  because  LTC,  bound  to  V79  cells  In  a  Banner 
Chat  waa  specific,  reversible,  and  with  both  a  high-  and  low-afflnlcy 
coaponant.  However,  specific  binding  of  LTC,,  without  a  doaonacrabla 
biological  role  for  the  leukotrlane,  has  been  reported  for  several  calls. 
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call  Unas,  and  Clasuaa  (ravlawad  In  3),  leading  to  quaatlons  of  the 
biological  significance  of  widespread  LTC,  binding  phenooena.  The  widely 
distributed  detoxicating  enzyna  glutathlone-S- transferase  (GST)  has  been 
lapllcated  In  LTC^-blndlng  phenomena,  following  the  demonstration  by  Sun 
at  al.  (4)  that  LTC*  bound  with  hlgh-afflnlty  to  GST  In  rat  liver. 

To  further  characterize  the  Interaction  of  LTC,  with  V79  cells,  we  examined 
the  leukotrlene-blndlng  characteristics  of  plasma  membrane  and  nuclei 
fractions  from  V79  calls.  To  examine  the  possibility  that  binding  of  LTC, 
to  V79  cells  could  be  attributed  to  GST,  we  examined  the  mobilities  on 
sodium  dodecyl  sulfate>polyacrylamlde  gel  electrophoresis  (SDS-PAGE)  of 
the  photolytlc  product  of  V79  calls  and  [’HI-LTC^  derlvatlzad  with  the 
blfunctlonal  reagent  N-hydroxyaucclnlmldyl-4-azldobenzoate  (HSAB),  and 
monitored  the  effect  of  antibodies  against  GST  upon  LTC,  binding  to  V79 
cells. 

Xathods 

Katerlals.  (14,15-’H1  Uukotrlene  C*  ((’HI-LTC»,  38.4  Cl/mmol)  and  ‘”1- 
Na  were  purchased  from  Dupont-NEN  (Boston,  MA) .  Nonradloactlve  LTC^  was 
obtained  from  by  Cayman  Chemical  (Ann  Arbor,  HI).  HSAB  and  blclnchonlnlc 
acid  protein  assay  kit  were  purchased  from  Pierce  Chemical  (Rockford  IL) . 
Supplies  for  SDS-PAGE  ware  purchased  from  Blo>Rad  (Richmond,  CA).  GST, 
protein  molecular  weight  standards,  L>serlna  and  S' •nucleotidase  kit  were 
obtained  from  Sigma  (St.  Louis,  MO).  Antisera  against  GST  were  a  gift 
from  Dr.  U.  Jakoby  (National  Institutes  of  Health,  Bethesda,  MD) . 

LTC.  Blndlnx  Assay.  Binding  of  (’H)-LTC,  to  preparations  of  V79  calls  was 
assessed  using  the  methodology  described  in  the  preceding  companion 
cosnunlcatlon  (2),  with  modifications  as  described.  Aliquots  of  plasma 
membrane,  cells  or  Isolated  nuclei  ware  Incubated  for  30  min  on  Ice  In 
Hank's  buffered  salt  solution  (HBSS)  containing  2S  mM  HEPES,  pH  7.3S,  and 
20*70  foMl  of  [’H|-LTC,.  Nonspecific  binding  was  determined  In  triplicate 
by  Che  addition  of  16  fM  unlabeled  LTC,  to  a  parallel  set  of  assay  Cubes. 
Displacement  curves  were  generated  using  Incubations  In  graded  levels  of 
LTC,  from  0  to  16  (iM.  Binding  esseys  were  terminated  by  dilution  with  3 
ml  of  lce*cold  HBSS  and  the  bound  radioactivity  was  recovered  by 
filtration  through  Whatman  GF/B  filters  on  a  Yeda  filtration  manifold. 
Bound  radioactivity  was  assessed  on  a  Tracor  Analytic  Mark  III 
scintillation  counter.  All  binding  assays  ware  conducted  In  duplicate  or 
triplicate,  and  all  experiments  were  repeated  at  least  once.  To  assess 
LTC,  binding  by  preparations  of  plasma  membranes  or  nuclei,  preliminary 
axpariments  were  conducted  to  demonstrate  that  radioactivity  retention  by 
Whatman  CF/B  filters  was  equivalent  to  retention  following  filtration  on 
Hllllpore  HAWP,  EHWP  or  GSWP  disks,  or  following  centrifugation  at 
approximately  14,000  x  g  In  a  mlcrofuge  (Eppendorf;  Brinkman  Instruments; 
Westbury,  NY). 

Enz-^atie  Modification  of  Glycoproteins.  Lots  of  40-60  x  10*  V79  cells 
were  harvested  by  exposure  to  PBS-EDTA,  divided  Into  equal  fractions,  and 
pelleted  by  centrifugation  at  1000  x  g.  The  pelleted  cells  were 
resuspended  In  10  ml  PBS-EDTA  containing  (a)  no  enzymes  (control),  (b)  10 
mg  hyaluronldasa,  (c)  1  mg  neuraminidase,  or  (d)  2.S  /ig  trypsin.  The 
cells  were  Incubated  In  these  solutions  for  S  min  at  22’C,  repelleted, 
resuspended  In  IMDN  containing  SI  fatal  bovine  serum  (FBS)  and  cooled  to 
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4*C.  This  Mdlua  was  replacad  with  tha  assay  buffer;  then  Scatchard 
analyses  were  conducted  using  control  cells  and  calls  fron  each  enzyiae 
traataent . 

Preparation  of  Nuclei  and  Plasma  Membranes.  Fractions  highly  enriched  In 
nuclei  and  plasaa  neiabranea  were  prepared  by  the  aqueous  two-phase  polymer 
system  of  Lesko  (S).  Briefly,  harvested  calls  were  resuspended  In 
swelling  buffer  which  consisted  of  0.5  nH  CaClj  and  1.0  oM  NaHCO,,  at  pH 
7.5  to  which  1  ag/1  of  deoxyribonuclease  was  added.  Tha  cells  were 
allowed  to  equilibrate  In  swelling  buffer  for  approximately  30  nln  during 
which  time  the  nuclei  became  swollen.  The  plasma  membranes  were  lysed 
using  a  Dounce  homogenlzer.  The  homogenate  was  centrifuged  at  10,000  x 
g  to  pellet  the  plasma  membrane  and  nuclear  fractions.  The  pellet  was 
resuspended  and  the  nuclei  separated  from  tha  plasma  membrane  using  tha 
aqtieous  two-phase  polymer  system.  Plasma  aefld>ranea  ware  retained  at  the 
polymer  Interface  while  the  nuclei  were  Isolated  In  tha  pallet.  Both 
fractions  were  washed  twice  in  HBSS  to  remove  tha  polymer  mixture,  prior 
to  use  of  tha  fractions  in  binding  assays.  Binding  assays  wera  conducted 
using  approximately  1-5  x  10*  nuclei  or  10-50  Hg  of  membrane  protein  per 
assay  tuba. 

Cell  Surface  lodination.  To  monitor  the  possible  contamination  of 
isolated  nuclei  with  cell  surface  components,  nuclei  ware  prepared  from 
calls  in  which  a  portion  was  call-surface  radloiodlnated.  Intact  viable 
V79  calls  harvested  by  Incubation  with  0.002%  EDTA  ware  labeled  with 
using  lactoperoxldasa  catalysis  modified  from  the  procedure  of  Nlyachl 
al.  (6).  Briefly,  ten  million  calls  ware  suspended  in  HBSS-HEPES  (pH  7.4, 
200  fil  volume),  to  which  1  mCl  Na-^*’l,  8  (ig  lactoperoxldasa  and  800  ng 
H}0}  were  added.  lodination  was  allowed  to  proceed  for  5  min  at  22*C,  chan 
cells  wera  washed  twice  to  remove  free  iodine.  Cell-bound  radioactivity 
was  assessed  by  solid  scintillation  counting.  The  iodlnated  cells  were 
added  to  10^*  unlabelad  V79  cells  and  the  nuclei  isolated  as  described 
above . 

5* -Nucleotidase  Assay.  5 ' -Nuclaotidasa  activity  was  assayed  by  the  method 
of  Arkesceijn  (7).  Vhole  ceils,  nuclei,  and  purified  plasma  membrane  were 
resuspended  in  distilled  water  and  homogenized  using  a  Brinkman  Folytron. 
The  protein  content  of  each  fraction  w.na  detemined  with  a  biclnchoninic 
acid  protein  assay  kit,  and  each  solution  was  diluted  with  water  Co  a 
concentration  of  1  ng/rnl.  5' -Nucleotidase  activity  was  assayed  in 
quadruplicate  using  approximately  70  ng  of  protein  per  assay  Cube. 

Preparation  of  (Azldobenzovl)  (’HI-LTC..  Tha  ethanol  in  180  pi  of  stock 
[’H]-LTC«  (1.8  pCi,  46.8  pmol)  was  evaporated  under  a  stream  of  nitrogen 
gas  and  1  M  KjHPO,,  pH  8.0  was  added  to  Che  remaining  aqueous  solution  to 
produce  a  final  concentration  of  approximately  0.52  pN  LTC^.  Two  hundred 
nmol  HSAB  in  10  pi  of  dimethyl  sulfoxide  was  added  to  the  (’Hl-LTC, 
solution,  mixed  and  incubated  in  the  dark  at  22*C  for  60  min. 

Croasllnkinx  of  (Azidobenzovl)  f’Hl-LTC,  to  V79  Cells.  Freshly  harvested 
V79  cells  (5x10*)  were  washed  twice  and  incubated  in  10  mH  serine- 
boraca/HBSS,  pH  7.4  with  26  nM  (azidobenzoyl)  [’H]-LTC»  in  a  final  volume 
of  900  pi.  After  incubation  at  room  temperature  for  90  min  in  a  dark 
room,  the  mixture  was  pelleted  by  centrifugation  at  1500  x  g  for  2  nln, 
followed  by  aspiration  of  the  supernatant.  The  cell  pellet  was  irradiated 
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using  a  254  na  UV  laop  (Spectrollne,  Modal  ENP-26,  Spactronics 
Corporation,  NY)  at  1. 5 -2.0  ca  distanca  at  22*C  for  6  Bin.  The  cells  vara 
suspended  In  1  ml  of  10  nM  serine -borate/HBSS,  pH  7.4,  and  centrifuged  at 
1500  X  g  for  5  min.  The  resulting  pallet  was  collected  for 
electrophoresis.  The  crosslinking  protocol  was  also  replicated  using  one 
of  tWs>  modifications  to  assess  nonspecific  binding;  addition  of  14 
unlabeled  LTC^  or  omission  of  the  UV  irradiation  step. 

SDS  -  PAGE .  The  cell  pellet  was  solubilized  in  200  Itl  of  SDS-PAGE  sample 
buffer  (2%  SDS,  10%  glycerol,  0.001%  bromphenol  blue,  50  mM  Trls-HCl,  8 
M  urea  with  reducing  agents  50  mM  dlthiothreitol  and  2% 
mercaptoethanol) ,  by  boiling  for  5  min.  The  soluble  metarlal  was  obtained 
by  centrifugation  in  a  Beckman  Type  75TI  rotor  at  100,000  x  g  for  45  min 
at  20*C.  130-150  Ml  sample  was  loaded  onto  the  gal.  A  5-20%  linear 

gradient  acrylamide  gel  was  prepared  using  the  procedure  of  Laemmli  (8). 
Gals  contained  individual  lanes  of  non- irradiated  sample,  samples 
incubated  in  the  absence  or  presence  of  14  fiH  LTC, ,  and  molecular  weight 
markers.  After  electrophoresis,  the  gel  was  cut  into  lanes,  and  selected 
lanes  were  cut  into  0.5  cm  sections.  Each  section  was  immersed  in  10  ml 
of  Hydrofluor,  then  homogenized  by  polytron  (Beckman  Instruments,  NY; 
setting  10)  for  10  sec.  Radioactivity  in  homogenized  sections  was 
quantified  by  ^-scintillation  detection.  Proteins  ware  visualized  in 
selected  lanes  using  Comassia  blue  stain.  This  experiment  was  replicated 
three  times  with  equivalent  results.  The  same  electrophoretic  methodology 
was  utilized  to  assess  the  electrophoretic  mobility  of  commercially 
available  preparations  of  GST  obtained  from  huatan  placentas  and  livers  of 
bovine,  equine,  rabbit,  and  rat. 

Incubations  with  Anti -GST  Antisera.  LTC,  binding  assays  were  conducted  in 
the  presence  of  antisera  against  Isoforms  of  GST  (anti-B,  anti-C,  and 
anti-E;  kindly  provided  by  Dr.  U.  Jakoby) .  Binding  assays  were  conducted 
as  described  earlier,  except  chat  calls  in  assay  tubes  wore  preincubated 
for  10  min  at  22*C  In  assay  buffer  containing  10%  (v/v)  antiserum  before 
addition  of  [^HJ-LTC^.  Each  antiserum  was  evaluated  at  full  strength,  at 
1:10  and  1:100  dilutions,  and  compared  with  simultaneous,  control 
incubations  conducted  in  the  absence  of  antiserum. 

GST  Assay.  GST  activity  was  determined  using  homogenates  of  V79  calls 
prepared  by  sonicaCion,  and  using  plasma  membranes  that  ware  purified 
according  to  the  procedure  described  by  Lesko  et  al.  (5).  GST  activity 
was  measured  using  l-chlor-2,4-dlnltrobenzena  as  a  substrata  (4).  Assays 
wars  performed  in  quadruplicate. 

Results 

Enzyme  Treatments.  V79  cells  were  incubated  with  enzymes  capable  of 
modifying  glycoproteins.  No  treatment  significantly  influenced  binding 
to  the  low-affinity  binding  site.  However,  treatment  with  trypsin  reduced 
LTC,  binding  to  the  hlgh-afflnity  binding  sice  to  26%  that  of  controls 
(Table  1).  Treatment  with  neuraminidase  slightly  enhanced  LTC,  binding, 
while  treatment  with  hyaluronidasa  caused  increased,  but  variable  LTC, 
binding.  Examination  of  the  calls  under  a  light  microscope  revealed  that 
Che  cells  treated  with  Che  hyaluronidasa  ware  swollen  and  partially  lysed. 
Extended  periods  of  trypsinizatlon  also  resulted  in  cell  lysis  and  a 
partial  restoration  of  binding  (data  not  shown).  It  is  possible  that  Che 
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Tabl*  1. 
Binding.' 


Effect  of  Enzynes  on  [’H]-LTC, 


tMTOt  Tr<«ta<nf _ V.  SgatMl.  J-lnding!*. 

Rone  (EOTA)  100 

Hyeluronldeee  (R-3)*  181  1  54 

Hetureainldeae  (R«3)  134  1  8" 

Trrpiln  <K-51 _ 26  t  10^ 

*  V79  cells  were  Inctibsced  with  enzymes  as 
described  in  Methods.  After  enzyme 
treatment,  binding  of  (^HJ-LTC,  was 
assessed  by  Scatchard  analyses,  and  high 
affinity  sites  were  quantified  using  LIGAND 

*  <■*  ±  SEM) 

*  N  represents  the  number  of  separate 

experiments 

*  P<0.01  by  t-tast 


increases  observed  after 
treatment  with  several 
enzymes  sera  due  to  the 
release  of  intracellular 
binding  sites  rather  than, 
to  enzymatic  modification 
of  die  call  surface 
binding  sites .  No  effect 
of  enzyme  treatment  upon 
binding  affinities  was 
apparent. 

Preparations  of  V79 
Nuclei  and _ 


Membranes.  Preparations 
of  nuclei  were  assessed 
by  dataiminatlon  of  S'- 
nueleotldasa  and  by 
monitoring  retention  of 
cell-surface  radloiodlne.. 

Preliminary  experiments  with  lodinaclon  using  "inradioactive  Iodine- 
indicated  a  negligible  affect  of  the  lodlnatlon  procedure  upon  cellular; 
integrity  and  viability,  as  assessed  by  exclusion  of  trypan  blue.  Using 
the  commercial  kit  for  5* -nucleocidiase,  we  could  not  detect  this  enzyme 
in  nuclear  preparations.  By  monitoring  radioactivity  la  nuclei  isolated 
from  radio lodinated  cells,  up  to  12%  of  the  radloiodlne  present  on  intact 
cells  was  detected  in  the  nuclear  preparation.  Tbo  plasma  membrane 
fraction  used  in  these  studies  was  that  remaining  at  the  polymer  interface 
during  final  palleting  of  nuclei  in  the  two-phase  polymer  system.  Plasma 
membranes  appeared  free  of  nuclei  by  microscopic  exmeimatlun,  but  ocher 
assessments  of  plasma  membrane  purity  were  not  attemptad. 


LTC,  Bindtnz  to  V79  Subcellular  Fractions.  Scatdiard  analyses  were 
conducted  of  LT'^t  binding  to  plasma  membrane  and  nuclear  fractions  from  779 
colls.  A  representative  plot  of  LTC,  binding  to  plasma  membranea  is 
depicted  in  Fig.  1.  Using  LIGAND,  the  data  were  best  fit  by  a  straight 
line,  suggestive  of  a  single  class  of  binding  sites  having  a  Kd  si  43  nM. 
A  depiction  of  LTC,  binding  to  two  concentrations  of  nuclei  is  presented 
in  Fig.  2.  The  binding  of  LTC^  to  nuclei  were  best  fit  by  a  straight  line 
indicating  a  Kd  si  240  nH.  Scatchard  analyses  of  UC,  binding  to  both 
plasma  membranes  and  nuclei  ware  repeated  twice  with  equivalent  results. 


Association  and  dissociation  kinetics  of  LTC,  binding  to  isolated  nuclei 
were  compared  to  that  obtained  using  intact  cells  (rig.  3).  The 
association  of  LTC,  to  10*  nuclei  proceeded  rapidly  but  attained  a  lower 
magnitude  than  LTC,  binding  to  an  equivalent  number  of  intact  cells,  while 
dissociation  of  LTC,  from  nuclei  followed  a  similar  time  course  as 
dissociation  from  intact  cells. 


Crossllnkinz  of  LTC,  to  V79  Cells.  The  reaction  product  of  (’HI -LTC,  and 
HSAB  retained  the  capacity  to  bind  to  V79  calls  (Fig.  4).  The 
electrophoretic  mobility  of  radioactive  photoreaction  products  is  depicted 
in  Fig.  5,  which  was  representative  of  three  replicated  experiments.  A 
major  radioactive  peak  was  demonstrable  which  corresponded  to  a  molecular 
mass  of  40  kOa.  When  cells  were  incubated  with  (’Hj-LTC,  in  the  presence 
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fig.  1.  ScaCch«rd  Ploc  of  LTC^  Binding  to  V79  Call  Plasma 
Hambranaa.  Maabranas  wara  praparad  as  dascribad  In  Mathods. 
Scatchard  analysaa  of  LTC,  binding  to  approxlaataly  1  mg  aaabrana 
protaln/tuba  wara  conduetad  as  dascribad  In  Mathods. 


Bound  (M) 

rig.  2.  Scatchard  Plots  of  Laukotrlana  (LTC,)  Binding  to  V79 
Nuclal.  Nuclal  praparatlon  and  Scatchard  analyses  wara  parformad 
as  dascribad  In  Mathods,  Binding  assays  wara  conduetad  at  two 
eoncantratlons  of  nuclal. 
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of  14  ijH  nonradloactive  LTC4,  radioactivity  In  the  gel  was  greatly  reduced 
(Fig.  5).  Uhen  samples  were  not  Irradiated,  radiation  In  gel  fractions 
was  also  reduced  to  levels  similar  to  nonspecific  binding  (data  not 
shown) . 
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Fig.  3.  Radioactivity  In  SDS>PAGE  Slices  Following  Crosslinking  of 
(^I'LTCt  to  V79  Cells.  (’HJ-LTCt  was  crossllnked  to  colls  as 
Ascribed  In  Methods,  In  the  absence  (open  bars)  and  presence  (solid 
bars)  of  excess  unlabeled  LTC(.  Cel  lanes  were  sectioned, 
homogenized,  and  subjected  to  /?•  scintillation  counting.  The  migration 
positions  of  the  molecular  weight  markers  are  Indicated. 

Using  electrophoretic  conditions  Identical  to  those  used  to  Identify 
photoreaction  products,  the  mobility  of  five  different  coonerclal 
preparations  of  GST  corresponded  to  approximately  22-23  kOa  (Fig.  6). 
The  data  of  Figs.  5  and  6,  taken  together,  are  suggestive  that  the  major 
binding  product  resulting  from  LTC,  crosslinking  Is  not  GST. 

GST  Activity  In  V79  Cell  Fractions.  As  another  avenue  to  assess  the 
possibility  that  GST  could  account  for  LTC,  binding  to  V79  calls,  GST 
activity  was  examined  In  homogenates  prepared  by  sonlcatlon  and  In  plasma 
membranes.  Summarizing  data  from  three  different  determinations  (each 
determination  in  triplicate),  enzyme  activity  In  sonicated  V79  cell 
preparations  was  2.91  ±  0.61  mlU/mg  protein,  and  enzyme  activity  in  the 
plasma  membrane  fraction  was  undetectable  (lower  limit  of  detection 
approxlsMtely  0.04  mlU/mg  protein).  Homogenized  cells  bound  26  ±  0.9  fmol 
LTCj/mg  protein  and  plasma  membranes  bound  31.4  ±  2.07  fmol  LTC(/mg 
protein.  In  comparison,  a  commercially  obtained  standard  of  GST  from 
bovine  liver  bound  approxiauitely  3  fmol  LTC,  per  unit  of  enzyme  activity. 
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Accordingly,  GST  appeared  Co  be  a  possible  source  of  a  small  amovinc  of  UC« 
binding  to  V79  cells,  but  appeared  unlikely  Co  accounC  for  Che  magnlcuda 
of  LTC4  binding  observed. 


37.400  - 

24.000  - 

18.400  - 

Mol  We  1  2  a  4  S 

Seda  LANES 

rig.  (.  SDS-PAGE  of  Five  Olffarenc 
Sources  of  GST.  Preparaclons  of  GST 
ware  solubilized  and  eluced  using  che 
same  ccndlClona  described  for  Fig.  3. 
Sources  of  GST  were  Lane  l«rac  liver, 
Lana  2-aqulna  liver.  Lane  3-rabbic 
liver.  Lane  4-bovlne  liver.  Lane 
S-human  placenCa. 

Discussion 


m  iB  «•  «e  ^ 


Furcher  evidence 
IndlcaClng  ChaC  GST  was 
not  Che  major  binding 
alee  In  InCscC  V79  cells 
was  obcained  using 
binding  assays  In  che 
presence  of  ancisera 
agalnsc  GST.  When  LlC, 
binding  assays  were 
conducced  In  che 
presence  of  0.1,  1,  or 
10%  diluclons  of  anCl-B, 
anCi-D  or  anCi-E 
ancisera,  no  Influence 
upon  I’hJ-LTC,  binding 
was  dacecced  (decs  noc 
shown) . 


We  conducced  exparlmenca  Co  characCarize  LTC^  binding  Co  V79  calls.  In 
Che  report  which  precedes  this  conmunlcacion  (2),  Information  was  provided 
relaclva  Co  Che  binding  characcerlsclca  of  LTC,  and  viable  V79  calls.  In 
chls  communleaclon,  we  avaluaced  the  subcallular  diacribucion  of  LTC, 
binding  CO  V79  calls  and  examined  Che  possibility  chat  GST  was  the 
principal  source  of  LTC,  binding  co  V79  cells. 


Scaechard  analyses  of  LTC,  binding  Co  Incacc  V79  cells  resulted  In  concave 
plots  (2),  suggesting  elcher  chat  che  cells  contained  multiple  classes  of 
binding  sices,  or  ChaC  che  binding  sices  displayed  negative  binding 
cooperaclvlcy .  The  former  possibility  appears  more  likely  because 
curvilinear  Scacchard  plots  resulted  from  assays  of  LTC,  binding  to  InCacc 
cells  but  linear  plots  were  obcained  In  assays  using  preparaclons  of 
plasma  membrane  or  nuclei,  and  Hill  plots  of  LTC,  binding  co  V79  cells  or 
aubcellular  components  were  conslscencly  equal  co  or  less  chan  unity  (daca 
noc  shown).  Consequently,  it  appears  probable  chat  V79  cells  contain  both 
hlgh-afflnlcy  and  low>afflnlCy  binding  sices. 

The  LTC,  binding  sices  appeared  proceinaceous  In  nature  because 
pralnctibaclona  of  V79  cells  with  trypsin  greedy  accenuaced  subsequent  LTC, 
binding  (Table  1).  The  reaction  produce  of  a  phocoaccive  darlvaclve  of 
LTC,  and  InCacC  V79  calls  exhibited  sMolllcy  on  SDS-PAGE  of  approxlmacely 
40  kDa  (Fig.  5).  The  hlgh-afflnlty  LTC,  binding  sice  appeared  to  be 
localized  largely  Co  the  V79  call  surface,  becaues  Incacc,  viable  cells 
contained  abundant  binding  and  no  Increase  In  hlgh-afflnlcy  binding  was 
decacced  whan  calls  were  homogenized  before  LTC,  binding  assays  (data  not 
shown) .  Preparaclons  enriched  In  plasma  membranes  also  possessed  hlgh- 
afflnlcy  binding  without  a  demonstrable  low-afflnlty  component  (Fig.  1). 
Conversely,  only  low-afflnlty  LTC,  binding  was  detected  using  Isolated  V79 
call  nuclei  (Fig.  2).  Preparations  of  nuclei  had  no  detectable  S'- 
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nucleoctdasa  activity,  but  contained  up  to  approxliaately  12t  of  the 
radlolodlne  Incorporated  onto  Intact  cells,  suggesting  that  nuclei  alght 
have  been  contaminated  with  a  small  but  demonstrable  amount  of  the  cell 
surface . 

Interaction  of  LTC»  with  V79  cells  was  previously  correlated  with  a 
quantifiable  biological  response,  namely  protection  against  7- Irradiation 
(1).  Thus,  V79  cells  that  were  pretreated  with  LTC^  proved  resistant  to 
subsequent  7- Irradiation.  Our  studies  of  LTC^  binding  to  V79  cell 
preparations  suggest  that  the  radioprotective  effect  of  LTC,  can  be 
attributed  to  a  receptor-mediated  event.  LTC,  Is  a  thiol-ether  and  thiols 
are  known  to  act  as  radioprotectants  through  several  mechanisms  Including 
free-radical  scavenging.  However,  the  concentrations  of  LTC^  that  induce 
radioprotection  are  much  lower  than  necessary  for  the  most  effective  thiol 
radloprotectlons  (9).  As  demonstrated  In  the  companion  coismunlcation  (2), 
LTCt  binding  to  V79  cells  Is  of  hlgh-afflnlty ,  specific,  saturable,  and 
reversible.  Ue  report  studies  in  this  communication  demonstrating  that 
LTCt  binding  appears  to  be  attributable  to  a  aut0,000  molecular  weight 
protein  which  Is  localized  at  least  in  part  on  the  plasma  membrane  of  V79 
cells.  Finally,  the  concentrations  of  LTC,  Chat  conferred  radloproceccion 
(1)  correlated  with  the  high-aff inlcy  binding  of  LTC,  to  V79  cells. 

The  mechanism  by  which  LTC,  influences  Che  function  of  Its  target  tissues 
presumably  proceeds  by  a  receptor-mediated  process  (10);  accordingly, 
specific  binding  sites  for  LTC,  have  been  reported  on  several  putative 
target  tissues,  including  guinea  pig  lung  <ll),  brain  and  uterus  (12), 
myocardial  membranes  (13),  human  lung  (14,15),  rat  lung  (16),  rat  renal 
glomeruli  (17).  and  on  several  smooth  muscle  cell  lines  (18,19).  However, 
many  of  these  studies  did  not  describe  Che  observed  specific  binding  as 
a  receptor  because  correlations  between  LTC^  binding  and  target  tissue 
response  were  not  established. 

V79  cells  are  derived  from  Chlne.se  hamster  lung  fibroblasts.  A  LTC^ 
recuptor  was  also  described  in  lung  fibroblasts  from  rats  (20).  The  rat 
fibroblast  receptor  had  many  similarities  to  the  binding  site  which  we 
report  in  V79  cells,  although  some  differences  in  the  two  systems  were 
apparent  (such  as  cyclic  nucleotide  dwpendence,  and  activity  of  the 
leuk.otriene  antagonist  FPL  55712)  which  might  be  attributable  tk.  species 
differences,  degree  of  cell  passage,  or  methodological  differences. 
However,  it  is  most  interesclng  chat  'TO,  binding  to  the  rat  receptor  was 
correlated  with  stimulation  of  collagen  synthesis,  leading  Phan  et  al. 
(20)  to  speculate  that  LTC,  might  serve  a  cytoprotectlve  or  wound  healing 
function.  Thus,  it  is  possible  chat  the  conferrence  of  radioprocection 
to  V79  cells  by  LTC,  treatment  proceeds  via  a  receptor -mediated  effect  upon 
protein  synthesis.  However,  we  did  not  addre.es  this  possible  pathway 

Ve  examined  Che  possibility  that  GST  was  the  source  of  LTC,  binding  in  V79 
cells.  The  glutathione  transferases  are  a  multigene  family  of  isoenzymes 
Chat  catalyze  the  conjugation  of  glutathione  to  electrophilic  compounds 
as  Che  first  step  In  a  detoxification  pathway  (21).  Sun  at.  al.  W 
provided  convincing  evidence  chat  GST  was  a  major  source  of  LTC,  binding 
to  rat  liver  cells,  but  later  urged  caution  in  ascribing  physiological 
significance  to  LTC,  binding  by  tissues  and  calls  for  which  a  physiological 
role  of  LTC,  has  not  been  described  (3). 
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Tha  faally  of  enzymaa  vhich  are  collectively  designated  GST  has  been 
detected  in  a  variety  of  tissues  including  lung,  kidney,  and  testis,  hut 
is  Host  abundant  in  liver,  where  it  aay  constitute  10%  of  the  tctal 
soluble  protein  (22).  The  glutathione  transferases  serve  in  detoxication 
and  have  the  capacity  to  bind  an  enoraous  number  of  compounds  that  ;iuve 
a  hydrophobic  character  (22).  It  is  interesting  to  speculate  that  LTC^  at'.y 
bind  V79  cells  (and  possibly  other  cells  and  tissues)  by  binding  to  GST. 
LTC4  binding  to  GST  might  also  account  for  the  inhibition  by  PGAj  of  LTC4 
binding  to  V79  cells  (4).  because  GST  has  been  reported  to  catalyze  the 
conjugation  of  PCAj  and  glutathione  (23). 

One  interpretation  of  tha  data  for  the  two  LTC4  binding  sites  on  V79  cells 
is  that  one  site  represents  GST  and  tha  other  represents  7-gl’jtamyl 
transpeptldaaa.  7-Glutaayl  transpeptldasa,  which  catalyses  the  conversion 
of  LTC4  to  leukotriane  D4  (LTD4),  seems  an  unlikely  candidate  for  a  major 
site  of  I.TC4  binding  to  V79  cells:  (a)  Serine-borate  was  routinely  added 
to  incubates  to  inhibit  the  activity  of  this  enzyme.  (b)  Conversion  of 
LTC4  to  LTD4  by  V79  cells  incubated  under  standard  assay  conditions  could 
not  be  detected  (Fig.  S  in  reference  2).  (:)  The  reported  molecular 
weights  (46,000  and  22,000  for  two  subunits)  and  binding  affinity  (Kd  -> 
S-10  fM)  of  7-glutaiiyl  transpeptidase  (24)  are  at  variance  with  tne  values 
obtained  for  the  interaction  of  LTC4  with  V79  cells  (2,  this  report).  We 
also  think  it  unlikely  that  GST  is  a  major  source  of  LTC4  binding  in  V79 
cells:  (a)  Intact  calls  ware  used  for  LTC4  binding  studies.  GST  is  pre¬ 
dominantly  intracellular,  and  was  detectable  in  homogenates  of  V79  cells 
(see  Results)  but  not  in  plasma  membrane  preparations,  although  plasma 
mambranea  serve  as  an  affective  source  of  LTC4  binding.  Passive  cellular 
Intamallzation  of  LTC4  (vhich  la  water  soluble)  Co  provide  access  to 
intracellular  GST  would  be  unexpected,  and  an  active  process  of  L,TC4 
Intemalization  seems  unlikely  during  our  incubations  at  4*C.  (b)  In  the 
event  that  LTC4  traversed  the  V79A03  cell  membrane  and  bound  to 
intracellular  GST,  the  magnitude  of  detectable  GST  activity  in  homogenized 
cells  appeared  Insufficient  to  account  for  all  LTC4  binding  (see  Results), 
(c)  Pre incubations  of  intact  V79  cells  with  antisera  against  GST  isozymes 
B,  C  and  E  had  no  effect  upon  binding  of  I.TC4  (data  not  shown).  (d) 
Photolysis  of  a  photoreaccive  derivative  of  LTC4  and  V79  cells  resulted  in 
a  product  chat  migrated  on  SDS-PAGE  with  an  apparent  molecular  weight  of 
40  kOa,  while  several  commercial  preparations  of  GST  migrated  in  the  same 
gel  system  with  an  apparent  molecular  weight  of  20-24  kOa.  (e)  Given  the 
capacity  of  GST  to  bind  a  multitude  of  molecules  having  some  degree  of 
hydrophobic  icy,  no  mechanism  has  been  advanced  by  which  binding  of  LTC4  by 
GST  would  confer  radloprotectlon.  Ligands  bound  by  GST  serve  to  inhibit 
enzymic  activity  (25),  thus  It  is  difficult  Co  propose  a  mechanism  by 
which  occupancy  (and  inactivation)  of  Che  detoxicating  enzyme  GST  by  LTC4 
would  promote  radloprotectlon. 
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